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SECOND OQUA-T.-,RLY REPORT
'II

Cont,•ct #DDA-36-O39-MI.86737
Order #19059.P?-6241-81

on.- (TM., 46) /U

The purpose of this study is to design and ceary out

the •oroduction engieering necessary for the rinufaoture

of quartz orystals for filter amplications operat-ing on

the third. overtone In the froqueny range of 30 to 60 140/s

In ac•ordance u¢lth Signal Coeps Speolfioation SoS-135 dated

I 20 Plebruary 1!62.

It is also the pU.pose of this program to carry oit

Stop I of the Production Rng1,necrfIng Ieasures as specified

In Sig•al 0orps Industrial 2reparedness Procurement

Requirements ,,15 dated I Otobekr 958,

ii

I
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•; ~ABTRACT

Improved designI data fIo AT Out Qu•rtz Orysta-s

ffor filter application, operating on the third over-

tone at 30 MO/S Is given.

Detail's of gi.nal lapping and Polish-I"ng operatlon

[I are outlined as ar'e the plating tec11lquee for all

aluminum..i electrode uylt.

A comparison• oa. electrical . •paameters Is give

Ii
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As ws reported "In the i1.rst Quarterly Report, the

I[ two major problems that arose were unsultabl.e surface

iconditions and unacceptab-We electrode plating.

A. rigorouo Investigation of the lapping and polishing

J procedures was undertaken as the first objective,

The majority of all crystals fabricated by E, B.

ILewis Oo•, Inc, prior to any vwork concerned with this

contract did not involve ext-ensive polishing technique,,

All lapping operations wore performed on P.R. Hoffmane
S~Model .PR-I Planeta~ry La~ppo. The polishing wao done ox two

VanOoney L'apps. The extent of the polish i.ns more In the

wiay of a finish lapp"lg operation using American Optical

#309 polishing compoiind, with a, particle size of one to

tbree microns. It was noticed the't in the attempt to

achieve a finer finish using the 1kmericen Optical ,30& w the

resistarce of the orysl-al units Twas improved to a pO1.ut

KHow-ever, as the degree o2 Polish was ±noreased, the resistance

of the crystals suddenly inoreased *o a point w-There they wiould

be imacceptable.

H it was soon ,'ealized that the orystals required on this

contraoit vouJd requiae an. wac finer Finlsh, fusvther in the

{higher frecaenoy ra.nge it •would. be necessary to .control the

" losses due to breakage wdhen lapping the vemy thin platea,
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Equally important would be the control of flatness and

j frequency spread°, For these reasons it became necessary to

use the Phelpor Model2 1•2•1' Planetnay Lapp or the P'. R,

I Hoffam F11R-4. Forý pooiishing the Vanconey Lapps are raatis-

factory irith the exception of a speed increase from 750 RPM

to 1200 RPM

R!,. s Lapping Operation:

For crystals operating on the third overtone at 30 W~is•

"I"Vhe ±u ndamenta1; frequenoy is 10 11C0sa Twenty-four .312

diameter blanks In six cariers comprise the load. The

blaws are 8425o :25 KC,• out of intermediate lapping. Inter-

mediate lapping is done in a PR-)l using Carborunduim Oompany

KO Abrasive wilth a grain size of 11 microns,

I I The crystals are then lapped using American Opt-.cal M305

1-Abrasive and a radio receiver to monitor fTrequency. At 10 11,1i/s

tho frequency spread is appro:'imately 10 K0/so. resent pro-

cedures recuire that the lapping plates be corrsoetd when the

frequency spread approaohe 020 KO/s.

IIThe Pre-Polish frequenoy Is determined In such a way that

for two minutes of polish they i1ll be well Tithin the Pre-Plate

frequency tolerance.

Ii Polishing Operation:

The crystals are run in the Van~oney lapping caohlne for

Stwo minutes. The pollshNing compound used is composed of white

rouge,, distilled vmter, tn-sodium phosphate and a wetting agent,

The frequency after polishing is 10,035 KOis -10 Ka/s. Prior

Ito base plating the crystals are frequency calibrated and sorted

into grouips where the maximum so"(ad is :2,,5 KO/s.

-Page .



Tih~e p:'oblam of' a suitable' olectrode platiatg woas next

kn ovaluation vas rado an tb~e bacia of the 1o

o~yri lo gbrloated. It wcyaJ4 apovar at this time that xan

al-1 alvinum electrode w-411 be noesary~.

TheO first difficullty enoountered -was ta ooeitao

-1-4 the amountb of plate back~ obteained usiiig bothi a ugv

211ament In the Oonsteiitini M~odel 3 cmd our ovm Vhatlonal

V ~~Reseaz'oh M~odel. 00 Base Pla~ter usiing malybdenum boats.
It was found thiat =. amalgmaton occ1.ned betw-eeni the

I j aluminura and tungstan whl.cb. ea-ised leso aluminumr to be

evapor~ated On the cryntals with eachi suocessive, platitng

operation# and finally a cor 2.eto deterior'ati.on ot tho

'Tlament.

TAUis hasm been ovreromxe by- the cost.izction of a

L.specially gozrred14a me~nt iw-hIeh ir. c entialhr 1-101.11l In

zha-pa ana made up o: fi11ve turns ofL tungstpn ZIT8covitig

of tbi'eo strAds qp_ oIm baty I.030 ache., in z CT,~

This JE11ament conflp ratton has Proved to be the toost

ftrabbe a to datejs and is ahotmin ~I'a11.ura 1.

S3peoial cylindrical cl-mbevs viero made up foa se with

the Mr.,60l 3 coustnat-117 Plater' to4 fScilitate the wilatineg of

IIthe irasko*, A glass platre Is used as. a cover to all-ow'

.obae.-Mion ut the fi2ri'in& Ife are pla~lng tv, introduac a

resistance me vasr-.ne, dev-1ce so that uni.form, conduct ivi 1*W th

each rnzCooe~seve 92iring can be o~btained,
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I iA further problem which has developed with the use of

aluminun is the loss of conductivity, between the spring

contact and the plated electrode both before and after

beading, but much more severe after beading. 'We believe

this is due to an oxide formed on the surface of the

aluminum electrode. At present the crystals are immediately

mounted into the holders after base plating and cement beads

[ applied to the springs. The cement used is DaPont #5504 and

is baked at 1350 0 for a period of 1--/2 to 2 hours. This

V! procedure solved the problem of conductivity loss$ however

It iws noted that on further investigation it was found that

loss of conductivity was not as serious as first anticipated

fl if the orystals were processed imiediately after base plating

and stored at 1320 G.

Final frequency adjustment is made by etching the electrode

Swith a .5% solution of NAOH, The etching time required for

final frequency .adjustment is determined primarily by the

strength of the etching soluti on and the amount of base plate

previously kpplied. At prssent, satisfactory results are

obtained using the .5% NAOH solution on crystals that are 30

~~jj to 10 1(0/s below the "Finlished"l or "~Final" frequenoy.

The next procedure was to determine the optimnum electrode

diameter which would permit us to meet the parameters specified

In the SOS-135 Specification. The procedure is based on pro-

vious work done by Dr. Rudolph Bec1hmann of the United States

Avmy Signal Research Wnd Development Laboratory, Fort Monmouth,

New Jersey.
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A new electrode diametex • as decided upon and a new mask

ordered, however, it was not rawilable inL time for evaluation

In this report. But one of our production masks with the
pi'oper diameter electrode end a slightly different teb design

veas used successfully. The design of this electrode as w.ll as the

new one ase shovn in Fi-gLres 2 -and 3.

SOystals fabrIcated irlth the new. electrode diameter were

fdesignated 8O-1307. X-Y Plots of two of these crystals mounted

on 4, and XXt respectively are sho-.m in Figures 4 and 5.

Table i presents a aonjpaw'ison of the parameters for the

SC-1430 and SO-1307 units trith the maximum values obtained

from the $08-1155 Spectfication,

The assembly of the SO-1307 is shoim in Bgures 6 and 7
for c-rystal units mounted on ZV and XX' keepectively.

iP
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80$-1.430 S-37SCS-13!3

fo=30101 f=50 mmr o 30 M/

oo- ,b989 P; Co= 1,22 pf loo= 1. 5 pf

R- 250 obms R= 80.7 obom R-- 100 ollms

df- 95 cps d f= 2 11,c df- 200 aps,

0-1=.33 x10-4pf. 3, 9 10-'pff v 1~0-Pt

T=7119 3,= 3154 5000

Q= 158 It103 =16 1072 3i 1.79 xi4

.1 0 b'T 2,3 at--- 3, l



Itis evidoxtt that, the requirmet of the 0SB-353

Seoil.f- Ction vill, 1109ax'd to, UIm~ted. m~odem evd eleaerica1

1amtr can~ be met for 'eh 30 I4O/a freq~uenaj anar

¶ihia tochniqjzes th~at we Sr Aow ulting ±Oor Thi.al

la~ppling mxd po1tshing v111 be adequpate for procduo-V~on im

quantityr of the OR..(V;..~46)/U cyst~aJ. to the 30 MO/s

JfVoquetoy- !,nge.

flIt~ w.ll be neezw$ however" to workc out a more

la~i~iowb inetho<1 -of alminvara plating, so th~at the frequency

s pread after base, plating Is~ hold to a much closer toler-

sance to laollitate a more, ztapid loalt-E of production in

x inal Zoequency .isng

Pag



Program for the Next Interval:

In the Immediate future ve will process a suffifciently

jlarge lot of crystals at the 30 140/s frequency; from this

lot samplas for submission to USASRDL oill be selected.

The remainder of the units will be evaluated and a statis-

tical anialysis made to determine where way problems might

i•Ise in production.

Initial iork on the desigp of tlýe 45 NO/a units vrlll

be started during this tIme.

PI
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V Oonferenoes:

SDuring the interval covered by thte report, the

following conferenoes were held.

26, 27 and 28 November 1962, Mr. Albert Z. Sohliok,

HProperty Manager, U. S. Army Bleotronles Materiel Agency,

visited our plant for the purpose of assisting us in the

completion of the DD1342 forms and outlining the contractors

responsibility orixerning the administration and aeoount.

ability for government owed property,

3 January 1963, Mr. H,J. Barrett, Industrial Equipment
Speoialist, U. S. Army ELectronios Materiel Ageno;3r, Industrial

Squipment Divisiono visited our plant for the purpose of

accepting for the government the final three items under

j Sohedule "A" Facilities that were acquired for the account

of the government,

S2 and 24 January 1963, Mr. Santo Tutlno, Auditor,

J Bridgeport Area Office, U. S. Army Audit Agency visited our

plant for the purpose of audit.

P I



Ernest B. Lewis 20.0

Robert P. McComb 224,5

Oz'yutal Fabrioation _ 96

TOTAL MAN HOURS 284.1
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E. B. LEWIS CO., INC. EAST HARTPORDCONN.

FOR SHIP TO

USAEML PROMISED DELIVERY DATE

PHILADELPHIA, PENNA Jan 15 1963

s. o. EL 6 SA,3-B
O0NT# DA-36-039-S0-86737

DESCRIPTION: , ORDER# 19059-PP-62-81-81 P.O.-

ITEMS 1-1-1 DATE e2 I962

ENGINEERING SAMPLES
15 Ea. @ 30.000 MO/S How Shipped-[I Natural Quartz

LI
Hpr lr-!>/L SC -If

SCHEDULED
Cutting FOR:

Squaring3 3/0+.602

Plating " ,- - -

Finishing,o>~/~ 02 7 /
OscillatorF Correlation 7 3 /2* /kv- /

Testing

liShipping

OFFICECOPY



_APP•IDIX .I

~l Formulae for Grystal Parameters

[1(1) ol- =

IIo(3) Q 1 .

) (4L X1.
IT

Where .
S0! =Motional Oapaeltemnoe

Co = Static Capacitance to one decimanl place,

IO = load Capacita,•,ce In p.C (20.0)

r = Ratio of St•alc Owptancoe to M'•otional Ca(aoltac

df = -iiferenee in Crecuaene• (in CPS) between SeriesResonance and A.nt! Resougmace at 20,0 pf ifhen

measured in O.r'tal Immpedance Meter TS-683/tORST

M.Measured Serles Resonant frequency of the cryatai

[i unit in OPS

R Equivalent realstan•e of the ozystal unit at Sewleo

V UResOnanos,

[I
I = 'd j

AU


